In the present study, we focused on the morphology of L. sceleratus gills using gross anatomy, scanning electron microscopy as well as light microscopy. Results of this study revealed that the gill openings appeared as simple slits anterior to the pectoral fin without distinct opercular cover. The gill system consisted of three pairs of gill arches carrying two rows of gill rakers on its concave border and gill filaments on its convex border. SEM showed that all surfaces of the gill arch were characterized by the presence of the longitudinal ridges with many taste buds in addition to many spines around the rakers. Histologically, the gill arch was composed of curved bar of hyaline cartilage with slightly elevated area corresponding to the sites of gill rakers. Each filament was formed of a thin central cartilaginous core surrounded by peripheral cartilaginous ma trix and covered by primary epithelial layer with abundant mucous cells. The chloride cells appeared mainly near to the base of secondary lamellae. Each gill filament gave rise to a very large number of secondary lamellae on both sides. The epithelial lining of the secondary lamellae comprised epithelial pavement cells, few mucous cells and pillar cells. The latter interposed the enriched blood capillaries. These findings suggest that L. sceleratus gills have characteristic morphological features that are related to adaptive functions for feeding habits, osmoregulation and respiratory mechanism with in their living environment.
INTRODUCTION
Lagocephalus sceleratus is considered a member of the fish family Tetrodontidae, which includes 187 different species worldwide (West, 2009; Homaira et al., 2010) and have many other generic names such as Puffer fish, blow fish, balloon fish, toad fish, and globe fish. It has a widespread distribution throughout the tropical Indian and Pacific Oceans; from Japan, Australia and Hong Kong in the east to Mozambique and southern African shores, as well as the Red Sea (Dor, 1984; Smith & Heemstra, 1986; Watson et al., 2003) .
L. sceleratus is one of the Lessepsian species of puffer fishes that has invaded the Eastern basin of the Mediterranean Sea from the red sea through the Suez Canal. It was first recorded in Gokova Bay, Turkey in 2003, while the previous 1977 record by Mneimné was a misidentification of the similar puffer fish Lagocephalus suezensis. L. sceleratus has already established a population which is colonizing new territories of the Eastern Mediterranean at a relatively rapid rate where it had reached the Aegean Sea in 2006, three years after it firstly appeared in Turkey in 2003 (Bilecenoglu et al., 2006; Kasapidis et al., 2007; Carpentieri et al., 2009; Pancucci-Papadopoulou et al., 2011) .
Recently, it is regarded to be among the worst invasive species in the Mediterranean Sea with a significant impact on the surrounding ecosystem and on the fisheries sector (Zenetos et al., 2005; Peristeraki et al., 2006; Streftaris & Zenetos, 2006) . More importantly, L. sceleratus is considered to be a serious hazard to consumers since it contains a strong marine toxin called tetrodotoxin (TTX), which can be lethal to humans. Another important negative impact of L. sceleratus is related to complaints from local fishers that have become frequent in Egypt, Lebanon, Cyprus, Turkey and Greece where the destruction of nets due to attacks by L. sceleratus that can easily cut lines and nets using its strong teeth (Kalogirou et al., 2010) . Also, it attacks fishes caught in nets and lines of fishers leading to reduction of local stocks of squids and octopus through predation (Nader et al., 2012) .
Although L. sceleratus has significant economic, and ecological impacts on Eastern Mediterranean countries, most of the studies found around the world have targeted other species of puffer fishes, and therefore publications concerning L. sceleratus in particular are relatively scarce (Nader et al.) . Moreover, most of previous data about L. sceleratus was related to general adaptive mechanism and their poisonous effect without approaching their morphology that may reflect important functional relationship, which affects their biology.
The study of the morphology of the different types of fish is a more interesting research area for many researchers in which there are attracted points in the gill as noted in many articles (Hughes & Morgan, 1973; Laurent & Hebibi, 1989; Goss et al., 1992; Balm, 1996; Zayed & Mohamed, 2004; Saliu & Olonire, 2008; Monteiro et al., 2011) .
The gills are related to many important functions of all fishes; the first and important function is that the gills are considered the main respiratory sites of gas exchange in all fishes (Moyle & Cech, 1996) , while the secondary function is related to feeding habits where the organization of gill filaments and rakers were reflected to the feeding habits of the fish (Fernandes et al., 2003; Kumari et al., 2009) , in which the organization and size of the gill rakers played a role in controlling the size of food particles eaten. Fish with many long rakers is filter feeders, whereas species with few short rakers are omnivores and carnivores (Moodie, 1985; Mummert & Drenner, 1986) . So, the present investigation was focus on the morphology of the gills of the puffer fish (L. sceleratus) including gross anatomy, scanning and histological study.
MATERIAL AND METHOD
Sample. Twenty mature fishes of L. sceleratus, their weights ranged 1300-1550 g; the fishes were collected after catching from Mediterranean Sea, Edko, Behera governorate, Egypt and transported in plastic aquariums to our lab within 2 h to carry out the gross morphology, scanning electron and light microscopes study on their gills.
Gross morphological study. Ten fishes were used to display the morphological features. The skin was dissected and reflected to demonstrate the middle bony layer of gill covering. Subsequently, we removed this bony support to demonstrate the inner layer of gill covering. The latter was removed to illuminate the gill cavity with its contents. The boundaries of gill cavity were investigated. The diameters of gill opening as well as the length of gill arches were measured; the numbers of gill arches and gill rakers were detected. All the previous parts were carefully dissected and photographed by digital camera (Cannon IXY 325, Japan).
Scanning electron microscopic study. Four fishes were used. Small specimens from gills were taken immediately after catching. The samples were fixed in a glutaraldehyde 3 % solution at 4 °C for 24 h then dehydrated through a graded series of acetone. After that, the specimens were postfixed in osmium tetroxide 1 % in a phosphate buffer for 2 h. The samples were subsequently dehydrated in ascending grades of ethanol followed by critical point drying in carbon dioxide. Then after, the samples were coated with gold and examined with JEOL JSM 5300 scanning electron microscope operating at 15 Kv, Faculty of Science Alexandria University.
Light microscopy. Small specimens (0.5 cm 3 ) of the gill arches and the accompanying filaments and rakers were taken from six fishes in the fresh state. The samples were fixed in 10 % formalin. After 24 h, the samples were extensively transferred to 70 % alcohol. The tissue samples were then dehydrated in ascending graded series of ethanol, cleared in xylene and impregnated and embedded in paraffin wax. Sections of 5-7 µm were cut using Leica rotatory microtome (RM 2035) and mounted on glass slides. Paraffin sections were used for conventional staining (H&E). The histological techniques and stains were adopted according to Suvarna et al. (2013) .
RESULTS
The gill system of the puffer fish (L. sceleratus) is confined within two interconnected gill chambers. The gill chambers are bounded ventrally by the mandible and three horizontal bony rods, dorsally by the roof of the buccal cavity, caudally by the base of pectoral fin and laterally by three layered gill covering, while medially they appear continuous with each other. The gill system consisted of three pairs of gill arches, which were termed from the lateral to medial as first, second and third. Each gill arch is general somewhat cresentric-shape carrying gill rakers on its concave border and gill filaments on its convex border (Figs. 1, 2, 3 and 4A).
External gill opening and gill covering. Entrance for the gills begins with slit-like opening without distinct opercular cover. It is presented cranial to the base of the pectoral fin and its vertical diameter reaches to 3.3 cm. This gill opening is bound by the cutaneous flap and underlied by valve-like dark colored membrane which guards the opening (Fig. 1A , B/Og and V). C and D) are showing the 2nd layer of gill covering which is formed of two bony plates; vertical slightly movable plate caudally (C1) and a large triangular immovable one rostrally (C2) which characterized by a horizontal Y-shaped bony prominence (Y) on its lateral surface. C1 and C2 were connected by fibrous ligament (Lg). More caudally, the inner layer (Ig) of gill covering slightly rostral to guarding membrane (V) and pectoral fin (Pf). After removal of C1 and reflection of the inner layer (Ig) of gill covering, the gills (Gi) began to appear. View (E) clarifying the inner layer (Ig) which directly covers the gills (Gi) in addition to 4elongated bony rods; one of them (r) was located dorsally and converging rostrventrally to joins other ventral three rod-shaped bone plates (rp). View (F) referring to the isolated C1and C2. View (G and H) referring to the head region with exposed gill chambers after removal of whole gill covering to note the gill filament (Fi), gill arch (Ar), lateral row of gill rakers (R1) and the angle (ag) between the epibranchial and ceratobranchial part of gill arch.
Rostral to the gill opening, the lateral boundary of gills comprises three underlying layers. The outer cutaneous layer is interposed horizontally by white color strap which starts from the oral opening and extends along the whole length of fish (Fig. 1A , B/Og).
After reflection of this cutaneous layer, there are two bony plates; a vertical slightly movable plate caudally and a large triangular immovable bony plate which presents rostrally and occupies most of lateral boundary of gills. The base of latter is found nearly at the level of caudal margin of the eye. Moreover, this triangular bony plate has on its lateral surface a horizontal Y-shaped bony prominence (Fig. 1C , D, E and F). The two plates are connected by a connective tissue ligament (Fig. 1C) . After removal of this triangular bony plate, there is an elongated rod-shaped bony plate attached to underlying muscular covering (third layer) which directly covered the gills and continued caudally until the gill opening. This rod-shaped bony plate is converging rostrally towards the mentum of fish, where it is joining other ventral three rod-shaped bony plates. The latter represented the ventral margin (boundary) of the gill chamber (Fig. 1E) .
Gill arch. The gill arch has a cresentic-shape and oblique rostroventrally, carrying gill rakers on its concave border and gill filaments on its convex border (Figs. 1F and G, 2, 3A and B, and 4A, B and C) . Each gill arch has two extremities; rostral and caudal. The rostral extremities of gill arches are united forming a wide interbranchial septum between the contra-lateral gills. The interbranchial septum appeared quadrilateral flattened dorsoventrally and carried line of small spiny rakers at the level ventromedial to the third gill arch ( Fig.  3A and B).
The caudal extremities of the three arches appear curved dorsally. They are connected with each other and are attached to the dorsolateral wall of pharynx (Fig. 4B ). The lengths of the three arches are measured 4.7 cm, 4.5 cm, and 4.1 cm respectively from lateral to medial. Each gill arch is divided into a long ceratobranchial part and short epibranchial part. Both parts are demarcated by slightly prominent angle. The length ratio of two parts is varied from one arch to another (decreased from lateral to medial) (Figs. 1G and 2/ag). The three arches are connected with each other rostrally and caudally.
By scanning electron microscope, the surface of gill arch is characterized by the presence of gill rakers with many spines around them (Fig. 3C , D, E and H). The gill arch has elevated parts noting the corresponding origin of gill filaments (Figs. 3F and 4D, E/Ep). At high magnification, all surfaces of the gill arch appeared to be characterized by the presence of the longitudinal parallel ridges with many taste buds ( Fig. 3G-I ). By light microscope, the gill arch is composed of curved bar of hyaline cartilage surrounded by thin layer of peripheral cartilaginous matrix on both sides and covered by mucous epithelium (Fig.5 ). There are large branchial arteries coursed longitudinally beside the arches and give rise to an afferent arteriole to each gill filament (Fig. 5B-D) . Each of these arteries gives off several capillaries that enter the lamellar epithelium along the filaments and secondary lamellae.
Gill rakers. The gill rakers are located on the concave internal side of the gill arches. Grossly, each gill arch has two rows of rakers; small lateral and slightly larger medial rakers (Figs. 1G and H, 2A and B, 3A and B and 4B, C/R, R1 and R2) . The rakers of adjacent gill arches are interdigitated with each other (Fig.3B) . The average numbers of the gill rakers appeared slightly variable in the different gills where, the number of rakers on the lateral rows of the 1st, 2nd, and 3rd gill arches were 17 and 12 and 11 rakers respectively, while on the medial rows were 17, 15 and 12 respectively. The length of gill rakers is nearly the same in all gill arches (about 2mm for medial row and 1mm for lateral ones).
By SEM, the gill rakers appeared as short projected bodies with lobulated wide apex (Fig. 3C, D , E/R1 and R2). Many pointed finger-like spines of different directions protrude from the apices of rakers ( Fig. 3D and E/white arrow). In addition to the lateral row of rakers, there are accessory rows of smaller gill rakers ( Fig.3C and D/Ra). The rakers of accessory row are interposed the rakers of lateral row. The accessory rakers appeared as a short triangular with wide-based and pointed apex and lateral surface divided into two halves by centrally showing; separate gill system: to determine the gill arch (Ar), gill filaments (Fi), lateral short gill rakers (R1), medial slightly longer gill rakers (R2), interbranchial septum (IS), line of rough spiny small rakers (R3) at the level ventromedial to the 3rd gill arch, and tongue (To). View (C) showing the gill arch (Ar), short lateral gill rakers (R1), long medial gill rackers (R2), accessory gill rakers (Ra) and the beginning of the gill filaments (Fi) (X 75). View (D and E) showing the gill arch (Ar), short lateral gill rakers (R1), accessory gill rakers (Ra) and the spines on the gill arch while Fn refers to the pointed finger-like spines of different directions on the gill rakers (X 100). View (F) showing the wrinkled surface of the gill arch (Ar), the beginning of the gill filaments (Fi) with its secondary lamellae originated from it (L1) and the elevated parts on gill arch determine the origin of the corresponding gill filaments (Ep) (X 150). View (G) is showing the surface of the gill arch at higher magnification(X 1500) with the presence of the longitudinal parallel ridges (*) and taste buds (Tb) which appeared more clearly in I (X 7500). View (H) showing presence of many spines of different directions on the surface of the gill arch (X 750). located projected ridge. There are many spines present around the gill rakers (Fig. 3D, E and H/Sp).
Histologically, the gill rakers appear as convex elevated areas bulged cranially on the concave side of gill arch and found contra laterally to the gill filaments. These elevations are mainly composed of cartilaginous core covered by collagenous matrix (Fig. 5A) Gill filaments. The gill filaments are branched from the convex external surface of the gill arch in a perpendicular manner, pointing toward the gill cavity. Each gill filament is called a holobranch which in turn is formed of two welldeveloped compactly adherent hemibranches (lateral and medial hemibranches) ( Fig. 1G and H, 2A and B, 3A, 4A, B and C). The length of gill filaments has a little variation along the whole length of gill arches, where, the gill filaments appeared longer in the middle portion of the arch (about 1.8 cm) while being shorter toward the extremities (about 0.6 cm in the proximal extremity caudally and about 0.4 cm in the distal extremity of the gill arch rostrally).
By SEM, the gill filaments are considered to be the primary lamellae (Fig. 4D -I/Fi) from which leaf like secondary lamellae branched from both sides and originated at the right angles to the longitudinal axis of the filaments. The secondary lamellae are lying parallel to each other (Fig. 4D-I/L1 ). Moreover, there are some tertiary lamellae arising from the The separate gill system to determine the gill arch (Ar), gill filaments (Fi), gill filaments of first gill arch (F1), gill filaments of second gill arch (F2), gill filaments of third gill arch (F3), gill rakers (R), tongue (To), while (Co) pointed to the connection between the two gill arches. View (D) showing the gill arch (Ar), the beginning of the gill filaments (Fi) with its secondary lamellae (L1) originated from it and the elevated parts on gill arch determine the origin of the corresponding gill filaments (Ep). The higher magnification in View (I) showing the tertiary lamellae (L2) which originated from the secondary lamellae (L1). View (J) clarifying the surface of the gill arch to note the presence of parallel longitudinal rows of epithelial cells (*) and many taste buds (Tb). The magnification was (X 150) for D, (X 350) for E, (X 100) for F, (X 500) for G and (X 750) for H; (X 1500) for I and (X 5000) for J. secondary lamella (Fig. 4I/L2 ). With a higher magnification, the surface of the filaments and lamellae is covered by longitudinal rows of epithelial cells (Fig. 4J) .
Histologically, the gill filaments arise from gill arch in a perpendicular manner while they are parallel to each other (Fig. 6) . Each filament is made up of a thin cartilaginous core representing an extension from that of gill arch while, the major parts of both sides are made of peripheral cartilaginous matrix that extends to support the basal portion of secondary lamellae (Fig. 6D) . The filaments are covered by primary epithelial layer with many mucous cells interspersed in it. The chloride cells appeared as large flattened cells with slightly acidophilic cytoplasm and scattered in the interlamellar epithelium and mainly near to the base of secondary lamellae (Fig. 6A, B 
and C).
Each gill filament gave rise to very large number of secondary lamellae parallel to each other on both sides of gill filaments. The afferent arterioles appeared at the base of secondary lamellae. The epithelial layer is extended to cover the contra lateral secondary lamellae, while internally the lamellae are made up mainly of blood spaces. The epithelial lining of the secondary lamellae comprised epithelial pavement cells, few mucous cells and pillar cells. The pillar cells interposed the enriched blood capillaries (Fig. 6D) .
DISCUSSION
The present study documents the morphology of L. sceleratus gills with its characteristic gill cover related to significant adaptive modifications different from that present in most teleost fish. Many studies of teleost gills have described the morphological and functional characteristics of gill epithelial cells (Carmona et al., 2004) . These cells participate in various functions, such as gas exchange, maintenance of blood acid-base balance and ionic regulation (Brown, 1992; Laurent et al., 1994a Laurent et al., , 1994b Moron & Fernandes, 1996; Fernandes et al., 1998; Goss et al., 1998; Sturla et al., 2001) .
From the previous data, the anatomical position and shape of the gill opening is very important as it is explain the physiological contradictions between fish species. Many authors reported that the gill chamber of most teleost fish was bounded laterally by the operculum which closing the ventrolaterally opened gill opening which different in its position and mechanism of action (Eiras-Stofella & Charvet- Almeida, 1997 Almeida, , 2000 Alsafy, 2013; Elsheikh, 2013) . Our finding noted that, the gill cavity was bounded laterally by a three layered gill covering which consisting of; outer cutaneous layer and the middle bony supportive layer while the third internal layer is a muscular layer. On the other hand, the gill slits are a characteristic feature to cartilaginous fish such as sharks and rays, in which they are characterized by the absence of a single outer gill cover and replace by individual openings to gills (Gerhart et al., 2005) .
Our study revealed that the gill opening was represented by slit-like opening without distinct opercular cover which presented cranial to the base of the pectoral fin and bounded by a cutaneous flap with underlying valvelike membrane which guards the opening. This is similar to the results revealed by (Zayed & Mohamed) in the catfish that has a small gill opening. This variation of gill opening was explained by Greenwood & Norman (1963) which reported that fishes with a wide external gill opening die more rapidly than those in which have a small opening. In the present study, we suggest that, this characteristic position and shape of the gill opening was related to the Inflationary behavior of fish which is considered one of the defense mechanism of puffer fish (L. sceleratus), during any dangerous situation.
There are great variations in the number of gills between the different fish species; in the present study there are three pairs of gills, however, four pairs of gills is the common number in most teleost fishes (Hughes & Grimstone, 1965; Hughes & Morgan; Hossler et al., 1985; Eiras-Stofella et al., 2001; Eiras-Stofella & Fank-deCarvalho, 2002; Zayed & Mohamed; Cinar et al., 2009; Díaz et al., 2009; Kumari et al., 2009 Kumari et al., , 2012 Alsafy; Elsheikh) . However, there are five pairs of gills but the fifth pair is ill developed and devoid from any gill filaments as noted in catfish (Zayed & Mohamed; Kumari et al., 2005; Elsheikh) , in contrast, in Senegal sole (Arellano et al., 2004) reported that the fifth pair is well-developed and contain gill filaments. Moreover, the cartilaginous fish have five to seven pairs of gills, and primitive jawless fish have seven pairs of gills (Romer, 1949) .
There is a close relation between the morphologic specialization of the gill rakers and feeding behavior (Hyatt, 1979; Ojha et al., 1987; Ghosh et al., 1988; Liston, 2013; Salman et al., 2005) . Liston and Salman et al. reported that, the rakers acts as a barrier to water flow rather than as a sieve, in which they direct the water toward the roof of the oral cavity where the food particles were trapped by their mucous covering before being ingested.
The present study reported that, the rostral extremities of gill arches were united forming a wide interbranchial septum between the contra-lateral gills as reported by (Zayed & Mohamed; Alsafy) , furthermore, there is a quadrilateral interbranchial septum carrying a line of rough spiny small rakers at the level ventromedial to the third gill on both sides.
Our results revealed that L. sceleratus gills were characterized by a somewhat clear angle of curvature at the union of short epibranchials and long ceratobranchials as reported in many literatures (Eiras-Stofella & CharvetAlmeida, 1998 , 2000 Kumari et al., 2005; Alsafy) , in contrast, there are some species that were characterized by the absence of this angle as noted by (Hossler et al., 1979; . However, other types of fishes exhibit an acute angle of curvature, almost in the middle of the gill arches like that found in freshwater fish Hypostomus eommersollii Val (Eiras-Stofella & Charvet-Almeida, 1997).
The appearance of gill rakers and the method of their organization on the gill arch showed wide variation between different fish types. The current findings indicate presence of three rows of gill rakers surrounded by spines on each gill arch; two lateral rows (small-sized row and other accessory one) and medial row of slightly larger-sized rakers. These three rows could increase the efficiency of the puffer fish (L. sceleratus) in selective sorting of food particles. In this regard, the three rows of gill rakers were also reported in catfish (Zayed & Mohamed) and in Clarias gariepinus (Elsheikh) . Although, the presence of two rows of rakers on gill arches is common in many fishes (Hossler et al., 1985; Abuzinadah, 1995; Zayed & Mohamed; Salman et al.; Díaz et al., 2009; Alsafy; Elsheikh) .
The inter-raker spaces between adjacent gill rakers is considered an important factor that determines the size of the food particles to be swallowed, this factor is related to the feeding behavior of fish as the minimum spacing between the gill rakers determines the minimum size of prey that can be eaten (Magnuson & Heitz, 1971; O'Brien, 1987) . There are two types of fish according to inter-raker space; the first type is a narrow inter-raker space fish, which is adapted to small sized food items as in Indian major carp (Kumari et al., 2009) and in Mugil curema, M. liza, and M. platanus (Eiras-Stofella et al.) . The second type is a wide inter-raker space fish, which adapted to large sized food items as in carnivorous, piscivorous, crustacean-feeder fishes as in; Oreochromis niloticus (Elsheikh) and in Gahash Lethrinus mahsena (Salman et al.) . However, in some carnivorous species, there are narrow inter-raker spaces as in; Gymnoclytia unicolor, Caranx sexfasciatus (Abuzinadah) and this agreed with our findings.
Our scanning results clarified presence of many taste buds on both gill arches and rakers to increase the efficiency in selective sorting of palatable food. In our finding, the occurrence of a great number of taste buds together with sharp teeth suggests that food processing and gestation work occur simultaneously in the pharynx and this may determine the suitability of potential food items prior to swallowing, as proposed by (Linser et al., 1998) in Micropterus salmoides. The presence of taste buds in the gills of all fishes was related to their role in participation in tasting process at the pharyngeal region, in which the taste buds are the sense organs of the gustatory system of fish and resemble that present in other vertebrates (Kasumyan, 1997; Fishelson et al., 2004) . In the puffer fish (L. sceleratus), the presence of many taste buds in the gill arch and gill rakers resemble that noted by (Ghosh et al.; Kumari et al., 2005; Díaz et al., 2009 ).
In the present study, our results demonstrated presence of the longitudinal parallel ridges covering both gill arches and gill filaments, suggested to have a functional role to increase the surface area to trap, convening and distributing mucus, and providing reserve surface areas for stretching (Kumari et al., 2005) proposed to the functional roles of microridges to enhance the mechanical flexibility and provide greater surface firmness of gill arches and rakers. Although the presence of microridges may form intricate patterns in several other fish species (Hossler et al., 1985; Ojha et al.; Eiras-Stofella & Charvet-Almeida, 1997; EirasStofella et al.; Kumari et al., 2005; Díaz et al., 2009 ).
Our results revealed that the length of gill filaments has a little variation along the whole length of gill arches, where, the gill filaments appeared longer in the middle, being shorter toward the extremities as mentioned by (Díaz et al., 2009) in Odontesthes argentinensis. Moreover, in freshwater fish Prochilodus scrofa Steindachner and in seawater Eugerres brasilianus, the gill filaments are shorter on both extremities of gill arch and in the strong curvature angle region (Eiras-Stofella & Charvet-Almeida, 1998 , 2000 , however (Kumari et al., 2012) in catfish and Carp reported that, in gill arch the length of gill filaments is shorter on one side than the other.
The results of scanning and histological microscopy of the present study agree with the findings of (Kudo & kImura, 1984; Evans et al., 2005) that, secondary gill filaments were originated at the right angles to the long axis of primary gill filaments and the secondary lamellae were lying parallel to each other. Interestingly, the present study showed presence of tertiary lamellae, originated from some secondary lamellae as noted by (Hughes & Mittal, 1980; Arpigny et al., 2012) and expected to increase the respiratory surface area within the gills The morphology and distribution of the different cell types of the gill epithelium of teleosts have been intensively investigated in order to understand and recognize the integration of several of their functions (Wilson & Laurent, 2002; Díaz et al., 2010; Monteiro et al., 2010) . Our histological finding investigated that filaments are covered by primary epithelial layer with many mucous cells interspersed in it. Although the number of mucous cells was fewer in the secondary lamellae, in agreement with findings of (Tano de la Hoz et al., 2014) . Mucus elaborated by mucous cells in the epithelium of the gill arches and rakers may be involved in lubrication, helping the smooth passage of food items through the pharynx, thus protecting the epithelium from mechanical injury (Grau et al., 1992; Tibbetts, 1997; Alsafy) . Moreover, the mucous cells were involved in fish immune responses during infections (Vigliano et al., 2006; Bermudez et al., 2010) .
In our work results, the chloride cells appeared as large flattened cells with slightly acidophilic cytoplasm and scattered in the interlamellar epithelium, mainly near the base of secondary lamellae. As in all other teleosts, in L. sceleratus gills, the chloride cells must play an important role in osmoregulation. According to results of (Varsamos et al., 2002) , there is no strict separation in function between filament and lamellar epithelium, as chloride cells were also observed in the lamellar region of sea bass gills. In contrast to freshwater specimens, seawater-acclimated fish showed a marked increase in the number and size of chloride cells (Carmona et al.) . Moreover, the peripheral cartilaginous matrix of gill filaments extends to support the basal portion of secondary lamellae.
In our histological finding, the epithelial layer of gill filaments extends to cover the contra lateral secondary lamellae, while internally the lamellae are made up mainly of blood spaces interposed by pillar cells which have an important role during gas exchange. The function of the pillar cells is related to their contractile filaments that have a crucial role in control of blood flow through the secondary lamellae and in reducing the pressure drop during the flow of blood across the gills of fish (Bettex-Galland & Hughes, 1973) . On both sides of lamellar epithelium, there are squamous pavement cells and few mucous and chloride cells. This is in agreement with that of (Tano de la Hoz et al.) in Odontesthes argentinensis. We suggest that the decreased number of both mucous and chloride cells in the secondary lamellar epithelium of L. sceleratus may reflect that the major role of these cells occurs in the primary epithelium of gill filament while the secondary lamellar epithelium is mainly responsible for gas exchange.
CONCLUSION
We concluded that although the Lagocephalus sceleratus shared the same marine living and feeding habits, we noticed some characteristic features in the arrangement, size and number of gill arches, filaments and rakers. The presence of mucous cells pointed to the adaptive modifications of the food and feeding ecology of Lagocephalus sceleratus. The gill filaments carried many chloride cells that adapted to osmoregulation in the salt water environment. While the pillar cells between the blood spaces of secondary lamellae are mainly acting during gas exchange. Sceleratus, Gmelin, 1789) . Int. J. Morphol., 34(3):817-829, 2016 .
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RESUMEN:
El objetivo fue estudiar la morfología de las branquias de Sceleratus L. desde la anatomía macroscópica, microscopía electrónica de barrido, así como la microscopía de luz. Los resultados revelaron que las aberturas branquiales aparecían como simples rendijas por delante de la aleta pectoral sin una cubierta opercular distinta. El sistema branquial consistió en tres pares de arcos branquiales con dos filas de branquiespinas en sus filamentos branquiales frontales y cóncavos en el margen. La microscopía de barrido mostró que todas las superficies del arco branquial se caracterizaron por la presencia de crestas longitudinales con muchas papilas gustativas, además de una cantidad importante de espinas alrededor de los rastrillos. Histológicamente, el arco branquial se compone de una barra curva de cartílago hialino con una zona ligeramente elevada, correspondiente a los sitios de branquiespinas. Cada filamento se formó por un delgado núcleo central cartilaginoso rodeado de matriz cartilaginosa periférica y cubierto por una capa epitelial primaria con abundantes células mucosas. Las células de cloruro aparecieron principalmente cerca a la base de laminillas secundaria. Cada filamento de las branquias en ambos lados dio origen a un gran número de laminillas secundarias. El revestimiento epitelial de laminillas secundarias estaba formado de células epiteliales, algunas células mucosas y células sostenedoras. Estos hallazgos sugieren que las branquias de L. sceleratus tienen características morfológicas que están relacionadas con las funciones de adaptación de los hábitos de alimentación, la osmorregulación y el mecanismo respiratorio de acuerdo a su entorno.
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